Specific RNA synthesis induced in VERO cells by the infection with western equine encephalitis (WEE) virus or Chikungunya virus was studied by autoradiography in the presence of chromomycin A3 or actinomycin D allowing the viruses to propagate despite the suppression of cellular RNA synthesis.
INTRODUCTION
It has been shown that virus-specific RNA synthesis in the cells infected with Newcastle disease, HVJ (Sendai) and measles viruses occurs in the nuclear region (Buklinskaya, Burducea and Vorkunova, 1966; Hosokawa et al., 1963; Parfanovich et al., 1966) . On the other hand, RNA's of some of picorna viruses, such as polio, mengo and mouse encephalitis viruses, are synthesized in the cytoplasm (Darnell, 1962; Marcus and Freiman, 1966; Holland and Bassett, 1964; Franklin and Rosner, 1962; Hausen, 1962) .
With respect to arboviruses, infectious RNA has been extracted from the cytoplasmic fraction of cells infected with WEE virus or eastern equine encephalitis virus during the period of RNA replication (Wecker and Richter, 1962) . However, our previous report revealed that RNA synthesis of PS (Y-15) cells infected with Japanese encephalitis virus, a member of group B arboviruses, occurred in the nucleus when cellular RNA synthesis was suppressed by chromomycin A (Takeda, Yamada and Aoyama, 1965) . Thus, two different cellular compartments, nucleus and cytoplasm, were proposed to be the sites of RNA synthesis induced by infections of different arboviruses. This may be interpreted as that specific RNA synthesis after the inf ec-tion of a virus takes place in either nucleus or cytoplasm but not in both.
Our interest is to examine the site of RNA synthesis with a number of arboviruses by means of autoradiography in relation to the antigenic grouping hitherto obtained. 
RESULTS
Effect of Chromomycin A3 on WEE Virus Growth VERO cell cultures in bottles were divided into two groups. Culture fluid was replaced with fresh medium with or without chromomycin A3. They were incubated at 37 C for 4 hr, then washed once with PBS before infection. Chromomycin-treated and control cultures were inoculated with WEE virus at the multiplicity of 10 PFU per cell and kept for 60 min in a 37 C incubator.
Cells were washed again with PBS and further incubated in fresh medium with or without the antibiotic. The Quantitative Study of RNA Synthesis in VERO Cells Infected with WEE Virus RNA synthesis in cultures infected with WEE virus was measured by pulse labeling as described in Materials and Methods. Mock infected cultures were examined in parallel.
Results are shown in Fig. 5 . RNA synthesis in the infected cultures rose from 2.5 hr post infection (p. i.) and increased steadily throughout the observation period up to 7.5 hr p. i., while the incorporation rate of 3H-uridine in control cultures remained unchanged.
Therefore, the increment of uridine incorporation in infected cultures may probably have resulted from the virus-induced RNA synthesis.
Intracellular Site of RNA Synthesis in WEE Virus-infected Cells
Autoradiographic studies were performed to determine the site of RNA synthesis following the infection with the same specimens of culture grout s as employed in the measurement of radioactivity.
Thirty cells of each specimen were counted for the develoyed silver grains and mean numbers of grains on the nuclear and cytoplasmic regions were plotted against hours p. i. in Fig. 6 (a, b) .
Grain numbers on the nucleus after WEE virus infection are depicted in Fig. 6 a. There was neither significant change with time p. i. nor significant difference between the control and infected cultures. Fig. 6 b shows the increase of grain numbers on the cytoplasm through the course of WEE virus infection in VERO cells. Grains on the cytoplasm in non-infected cells should be regarded as the background since cellular RNA is said to be synthesized in the nucleus and should not be able to appear in the cytoplasm within one hour. In fact, the grain number in the cytoplasm of the infected cells appeared to increase in parallel with the increase of total radioactivity as shown in Fig. 5 . Grains appeared dispersedly over the cytoplasmic region any time through the course of the infection (Fig. 9 B) . Those results suggested that RNA synthesis caused by WEE virus infection occurred in the cytoplasm through the period of viral RNA synthesis. a maximum level at 9 hr p. i. as shown in Fig. 7 . Autoradiographic studies were carried out with these infected cells as well as non-infected controls.
Mean grain numbers on the nuclear and cytoplasmic regions of 30 cells each were plotted in Fig. 8 a and 8 b. Grain numbers on the nucleus of the infected cells were almost the same as those of the non-infected control cells. Grain numbers on the cytoplasm of Chikungunya virus-infected cells, however, began to increase at the third hour of the infection.
A large number of grains appeared to be distributed dispersedly over the cytoplasm any time through the course of the infection (Fig. 9 C) . These results suggested that RNA synthesis caused by Chikungunya virus took place in the cytoplasm of the infected cells.
Localization of The Newly Synthesized RNA in Cytoplasm
Actinomycin-treated cultures infected with Chikungunya virus were labeled with 3H -uridine for 30 min and chased for 120 min as shown in Fig. 3 in order to follow the transfer of the synthesized RNA. Most of grains were shown to be distributed However, some grains appeared to accumulate on a few inclusions in the perinuclear region at 8 hr p. i. (Fig. 9 D) . The number of labeled cells increased progressively from 8 to 14 hr p. i. The largest portion of grains was accumulated near the cell surface when a majority of the cells were heavily labeled with tritium at 14 hr p. i. (Fig. 9 E and F) .
These phenomena were not observed in the noninfected cells treated with actinomycin D and processed at the same time.
DISCUSSION
The autoradiographic studies reported herein seem to demonstrate that WEE virusand Chikungunya virus-induced RNA syntheses take place in the cytoplasm of the infected VERO cells. Mantani et al.. (1967) demonstrated by autoradiography that intensive RNA synthesis occurred in the cytoplasm of FL cells infected with Chikungunya virus African strain in the presence of actinomycin S. Higashi et al. (1967) reported that, in the electron microscopic investigation, Chikungunya virus precursors appeared to be formed in the cytoplasmic matrix and then aligned along the regions of cell membrane or apposed to vacuolar membranes. The inclusions with accumulated grains in the cytoplasm described in the present report may correspond to the sites of formation of virus precursors in their report. Mifune and Hayashi (1969) showed the autoradiographic evidence that RNA synthesis induced by Sindbis virus took place in the cytoplasm of the infected PS cells. The unique cytoplasmic structures designated as type I cytopathic vacuoles (CPV-I) were found in chick embryo cells early in the logarithmic phase of Semliki forest virus replication (Grimley, Berezesky and Friedman, 1968) . High resolution autoradiography demonstrated that the CPV-I were the loci of 3H-uridine incorporation.
In conclusion, all members of group A arboviruses so far examined seem to behave similarly in the way that RNA synthesis induced by the infection, presumably viral RNA synthesis, took place in the cytoplasm but not in the nucleus of cells.
The time interval between the onset of RNA synthesis and the appearance of inf ective particles seems in general to be shorter with group A arboviruses (Wecker and Richter, 1962; Mantani et al., 1967; Higashi et al., 1967; Ben-Ishai et al., 1968; Grimley et al., 1968; Mifune and Hayashi, 1969) than with group B arboviruses (Takeda et al. 1965; Takeda, unpublished data) .
While RNA synthesis induced by the infection of the group A arboviruses, probably viral RNA synthesis, was shown in the present report to take place in the cytoplasm, viral RNA of some of group B arboviruses was suggested to be synthesized in the nucleus (Takeda et al., 1965; Takeda unpublished data) . The viral maturation of group A arboviruses of which viral components are all synthesized in the cytoplasm may progress faster than that of group B arboviruses of which RNA is synthesized in the nucleus and transferred to cytoplasm to form mature particles. 
